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Introduction 
 Cholangiocytes, the epithelial cells that line intrahepatic and extrahepatic bile ducts 
(BDs), are highly specialized cells residing in a complex anatomic niche where they participate 
in bile production and homeostasis. Cholangiocytes are damaged in a variety of human diseases 
termed cholangiopathies, often causing advanced liver failure. To gain a better understanding 
of cholangiopathies, the development of methods to study cholangiocytes is required. However, 
this has proved to be difficult due to the lack of access to cholangiocytes and relatively low 
percentage of these cells in the liver. Hence, many researchers have attempted to generate 
cholangiocytes from induced pluripotent stem cells or liver progenitor cells (LPCs). Chemically 
induced liver progenitor cells (CLiPs), converted in vitro from mature hepatocytes with Y-
27632 (Rho-associated kinase inhibitor), A8301 (Type 1 transforming growth factor-β receptor 
inhibitor), and CHIR99021 (glycogen synthase kinase-3 inhibitor), named YAC, are LPCs 
possessing the bipotentiality to differentiate into both hepatocytes and cholangiocytes. Stable 
induction conditions will facilitate the application of BDs differentiated from CLiPs. Hence, in 
this study, we aimed to investigate the optimal conditions for differentiation of CLiP to 
cholangiocytes.  
 
Materials and Methods 
The CLiPs were converted from rat hepatocytes with chemical compounds. We first 
analyzed the effect of passage number on cholangiocyte induction. The primary differentiated 
CLiP (Primary-CLiPs), cryopreserved primary CLiP (Cryo-CLiPs), and CLiPs that passaged 
more than 10 times (Stable-CLiPs) were compared in related to cell morphologies and gene 
profiles. We then compared the time required for BD onset (emerging of the BD) and typical 
BD formation (formation of tubular and cystic structures) to determine the optimal 
preincubation time. Next, we compared the differences among the No-Matrigel, Matrigel 6 d, 
and Matrigel 12 d courses to determine the effect of Matrigel on BD formation. Finally, we 
investigated the effect of mouse embryonic fibroblasts (MEF) feeder on BD formation, and 
compared the biliary gene level and protein expression and the transportation function by 




Different cell morphologies were observed among different passages of CLiP after 
induction. The earlier passages of CLiPs, including Primary- and Cryo-CLiPs, both formed 
typical tubular and cystic structures, while only monolayer structures were formed in the Stable-
CLiP cultures. Most of the biliary marker genes that were analyzed were upregulated after 
induction, whereas some biliary and almost all hepatic genes were downregulated. The number 
of biliary marker genes that increased by >1.5-fold was much higher in Primary- and Cryo-
CLiPs, with an average of 61.1% and 59.3%, respectively, than in Stable-CLiPs with an average 
of 53.7%. The number of genes that were upregulated by >5-fold was higher in the earlier 
passages of CLiPs, including Primary- and Cryo-CLiPs, compared with Stable-CLiPs.  
When the preincubation time was 1 day, BD onset and typical BD formation began on 
the 6th day and 10th day on average, respectively. When the preincubation period was extended, 
BD onset and typical BD formation started on the 11th day and 15th day on average, 
respectively. Extending the preincubation of CLiPs delayed the onset and formation of BD. 
In the No-Matrigel course, neither typical tubular nor cystic BD morphologies formed, 
while no typical tubular BD structures formed in the Matrigel 12 d course. In the Matrigel 6 d 
course, both typical tubular and cystic morphologies were formed. Genetically, Hnf6 showed a 
relatively high level in the Matrigel 6 d course, while Apq1 showed a relatively high level in 
Matrigel 12 d course. Most of the biliary genes showed no differences among the three courses; 
however, the expression of Sox9, Ck19, Ck7, Cftr, and Sctr showed decreased trends in the 
Matrigel 12 d course. 
There was no BD like structure formation in the non-induction groups, and less typical 
BD structures formed in the No-MEF condition. Both typical tubular and cystic BD formation 
were analyzed in the Low- and High-MEF conditions. The number and the size of cystic 
structures gradually increased as the density of MEF feeder cells increased. In addition, the 
onset of BD formation in the High-MEF condition started earlier than that in the Low-MEF 
condition. The biliary marker genes were higher in the cells plated on MEF feeder layers 
compared with the No-MEF group. Similarly, the cells on the MEF feeder layers expressed an 
increased amount of biliary proteins compared with the No-MEF group. Rhodamine 123 dye 
assay showed that BD like structures formed in the High-MEF feeder group could transport a 
larger amount of dye. Furthermore, MEF affected CLiP-derived BD structure formation 
partially through the Jag1-Notch1/2-Hes1 pathway.  
 
Discussion 
 In this study, we determined that the following key factors promoted the differentiation 
of CLiPs into BDs: a) using earlier passages of primary-CLiPs, b) a one-day preincubation 
period of CLiPs in YAC-medium before the induction step, c) 6 days of Matrigel addition at the 
second step, and d) using an appropriate MEF feeder cell number, i.e., using more MEF feeder 
cells to generate more cystic BD structures and less MEF feeder cells to obtain more tubular 
BD structures. The differentiated BDs expressed many mature biliary genes and proteins. 
Furthermore, we demonstrated that activating the Jag/Notch pathway affected BD formation. 
Therefore, this technique represents a platform for the future study of cholangiocytes in vitro. 
In our system of BD differentiation from CLiPs, we did not use growth factors or cytokines. 
Instead, we used Matrigel and MEF feeder cells, which is a much easier technique. Currently, 
we are trying to modify our protocol and apply it to human CLiP-derived BDs. Our CLiP-
derived BD structures can be used to model the bile acid drainage system by immerging those 
structures into hepatocytes, which is an ongoing study in our laboratory. We hope in the near 
future the CLiP-derived BD structures could be applied in regenerative medicine, such as the 
bioartificial liver armed with BD structures, as well as for the therapy in biliary surgery.   (957 
words) 
